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Sarett's ketol (1)192 occupies a key position in the to- 

tal syntheses of cortical hormones3 in particular of aldoste- 

rone4'7. The present paper is concerned with synthesis of the 

IS-noranalog of Sarett's ketol (II) which may find applicati- 

on in the synthesis of 

0 

his-Dimethylketal (IV) (m.p.* 84.7-86') is obtained in 

IS-norcorticoids. 

HO_ + cP@ 0 

II 

good yield by refluxing the diketone (III), we have described 

previously', in a large volume of 0.5% methanolic oxalic acid 

solution. It proved to be quite stable to treatment with alka- 

li, notwithstanding the p,r-double bond and cis-fusion of the 

rings. Its reduction with NaBH4 affords the corresponding al- 

cohol (V), m.p. III-111.5', which is converted to the hydroxy- 

diketone (VI), m.p. 100.5-IOI', by mild hydrolysis with 50% a- 

queous acetic acid. On treatment with KOH in aqueous methanol 

the hydroxydiketone VI ieomeriees into the conjugated hydroxy- 

diketone (VII), m.p. 177-178', Am,, 238 rnp (lg L 4.19)I". The 

anti-trans configuration of this compound follows from the me- 
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\&po_R~ 
III IV R=(MeO)2, R'=O VII R=r~H,-OH 

V R=(Me0)2, RlasH,-OH VIII R=O 

VI R=O, R'a,gH,-OH 

thod of ite eyntheeie (the thermodynamically most atable 
TT. 

iso- 

mer) and from its oxidation (03 in acetone") to the known' 

anti-trene-triketone (VIII). 

The etructure of the compounda IV-VII wae proved by con- 

veraion of the alcohol V into 1,7_dihydroxyphenanthrene. To 

this end the alcohol V was dehydrated (POClJ+C5H5N) to the di- 

ene (IX) which without purification wae hydrolyzed by 50% aqu- 

eoue acetic acid into the diketone (X), m.p. 123-125'. A,, 

237 m/c(lg 6 4.31); h max (in ethanolic KOH) in one min. after 

diseolution: 233,276-289(ehoulder),410-420,537 y (lg & 4.10, 

3.65,3.60,4.03); ten min. after dissolution: 233,405-410,500- 

600(ehoulder) rnp &E 4.10,3.63,2.90); Am,(after ten min. 

in ethanolic KOH followed by acidification with HCl; values of 

V & R -- 
R 

IX R=(MeO)2 

X R=O 

OR 

XI R=H 

XIa R=Ac 

lg& are approximate) 230.330-340 U?JJ (lg E 3.20,2.56); A,, 

(in cyclohexane) 239-240 v On dehydrogenation with BUlfUr 

at 240' diketone X gives 1,7_dihydroxyphenanthrene (XI) a8 ma- 

jor product, laolated ae the diacetate (XIa), m.p. 122.5-123.5: 

x max 256,277.5,285.5,297.5,318,327,334,340,349 "tr (lg & 4.81, 

4.19,4.0'~,4.08,2.66,2.56,2.62,2.47,2.38). 
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A0 the described in the literature I2 Synthesis of dihydr- 

oxyphenanthrene XI is highly laborious we devised another meth- 

Od for its preparation to obtain a sample for comparison. 'Ihis 

method which is of interest by itself is as follows. 1,2,3,4- 

Tetrahydro-4-oxo-7-methoxyphenanthrene (XII)13 is reduced with 

NaRH4 to the corresponding alcohol (XIII), m.p. II8', Amax 

233.5,254.5,264,274,281-285(shoulder),308-3IO(shoulder),322, 

327 rnp (lg& 4.85,3.62,3.74,3.76,3.56,3.00,3.31,3.41), acetate 

(XIV), m.p. 131.5-132'. Oxidation of the acetate XIV by WC3 

in acetoneI proceeds in a complicated manner, but It is pos- 

sible to isolate up to 4% of desired acetoxyketone (XV), m.p. 

160-163', Amax 245,264.5,319 rnf (1gE 4.51,4.50,4.11), from 

Meoa70av-R& 
XII XIII R=H, R'=H2 XI R=H 

XIV R=Ac, R'=A2 XIa R=Ac 

XV R=Ac, R'=O 
the resulting mixture by means of chromatography. On refluxing 

with C5H5R.HC1 the acetoxyketone XV straightforwardly gives 

1,7-dihydroxyphenanthrene (XI), m.p. I96.5-198.5', Amax 235.5, 

253-255(shoulder),267,312,328,343,360 m/^ (lg & 4.36,4.4*,4.52, 

3.79,3.18,3.30,3.33); the diacetate (XIa) proved to be ldenti- 

cal with that described above. 

Since the compound8 IV-VI have no selective absorption of 

high-intensity above 220 m/Land their NMR spectra I5 show no 

vinyl proton signals the double bond is located in the pOSi- 

tion shown. 

Xetallsation of the hydroxydiketone VI by ethylene glYco1 

in the presence of adipic acid 16 gives rise largely to the di- 
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VI --aA;__ 

XVI R-,0 II R=wH,-OH 

XVII R=O XVIII R=O 
ketal (XVI), m.p. 122.S122.7', and to minor amounts of the 

cis-hydroxyketone (XVII) (not obtained in pure state). The lat- 

ter isomeriees (in aqueous-methanolic KOH) to the trans-hydro- 

xyketone II, m.p. 122-123'; the trans fusion being shown by o- 

xidation to the trans-diketone (XVIII), m.p. 142-143', differ- 

ing from the cis-diketone (XIX) described belor. These reacti- 

ons at the same time indicate cis fusion of the rings in com- 

pounds IV-VI, XVI and XVII. 

The /j-configuration of the hydroxyl group in the hydroxy- 

ketone II (which is essential for its use in the synthesis of 

19-norcorticoids) follows from the related hydroxydiketone VII, 

which is synthesized, although bg a more complicated route, yet 

such that it proves the /j-configuration of the hydroxyl group 

in the compound. Reduction of diketone III by LiA1R4 in tetra- 

hydrofuran solution is stereoselective giving the diol (XX), 

m.p. IO%IOq" or qO-100' (dihydrate). On treatment with TsOH. 

H20 dial XX isomerizes to a mixture of the 

m.p. 93-105° (hydrate) (the proof of whose 

oxiaoalcohol (XXI), 

structure will be 
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published elsewhere), and the diol (XXII), m.p. 142-143'. no 

vinyl proton peaks in the mta spectrum. Oxidation of the diol 

XXII (Cr03 in acetoneI ) leads to the cis-diketone XIX, m.p. 

123.5-124.5', which shows no selective high-intensity absorp- 

tion above 220 m . The formation of the oxidoalcohol XXI and 

its reconversion by reduction of the corresponding ketone - - -- 

(XXIII), m.p. 132.8-133.8', with sodium in ethanol and liquid P--Y-- 

ammoniaI gives an unambiguous proof of the configuration of 

dial XX. Oppenauer oxidation2 of the dlol X give8 in modera- 

te yield the syu-trans-hydroxyketone (XXIV), m.p. 139.5-140.5'. 

After removal of the ketal protection by means of perchloric 

acid in tetrahydrofuran the hydroxyketone XXIV gives rise to 

the hydroxydiketone VII (with inversion at C4b). 

For preparative purposes it is more better to synthesise 

the hydroxyketone II by a route which, although longer, gives 

better yields. Treatment of the hydroxydiketone VII with ace- 

tonecyanohydrin in the presence of triethylamine I8 leads to 

selective cyanohydrination 

the monocyanohydrin (XXV), 

of the saturated keto 

m.p. 171-171.5' (with 

*OnCA 

group to give 

decomp.). 

VII- ou OH 

XXV 

talisation of the hydroxyketocyanohydrir XXV with ethylene 

Ke- 

II 

gly- 

co1 in the presence of TsOH.H20 and traces of acetonecyanohyd- 

rinry gives the ketal (XXVI) (not isolated) which splits off 

hydrocyanic acid on heating with pyridine to form the hydroxy- 

ketone II. 
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The over-all yield of hydroxyketone II along the scheme 

III+IV-r~V~VI+VII+XV-cwVI+II (without isolation of hyd- 

rorydlketone VI) reaches 20%. 

Identification and purity tests of the products and ana- 

lyeee of the reaction mixtures were carried out by means of 

binderless thin layer chromatography on alumina or silica ge12'. 
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